Latent class analysis of functional somatic symptoms in a population-based sample of twins by Kato, Kenji et al.
Latent Class Analysis of Functional Somatic Symptoms in a
Population-Based Sample of Twins
Kenji Kato, PhD1,2,3,*, Patrick F. Sullivan, MD, FRANZCP4,3, and Nancy L. Pedersen,
PhD3,5
1School of Nursing and Rehabilitation, International University of Health and Welfare, Odawara,
Japan
2Department of Health Promotion Science, Graduate School of Medicine, Osaka University,
Suita, Japan
3Department of Medical Epidemiology and Biostatistics, The Karolinska Institute, Stockholm,
Sweden
4Departments of Genetics, Psychiatry, & Epidemiology, University of North Carolina at Chapel
Hill, USA
5Department of Psychology, University of Southern California, USA
Abstract
Objective—This study aimed to investigate empirically how and in what way individuals with
symptoms of functional somatic syndromes should be classified. We also aimed to look into
genetic and environmental influences on the classification.
Method—A total of 28531 twins aged 41–64 underwent screening interviews via a computer-
assisted data collection system from 1998 to 2002. Nine functional somatic symptoms (abnormal
tiredness, general muscular pain, recurrent abdominal discomfort, back pain, gastroesophageal
reflux, recurrent headache, recurrent urinary problem, dizziness, breathlessness at rest) were
assessed using structured questions in a blinded manner. Latent class analysis was applied to the
data. Structural equation modeling was further performed in order to estimate the relative
importance of genetic and environmental influences on class probability.
Results—Latent class analysis resulted in a 5-class solution. Individuals in the first class did not
show any health problems. Those assigned to the second, third, and fourth classes tended to have
abnormal tiredness, gastrointestinal problems, and pain-related symptoms, respectively.
Individuals in the fifth class had multiple symptoms to a greater extent than the other classes. All
the five classes showed modest genetic influences (7 – 29% of the total variation) with gender
differences except Class 3; however, the majority of influences on the class membership derived
from unique environmental effects.
Conclusion—The findings suggested the necessity of re-defining the existing classification
criteria for functional somatic syndromes in terms of single (uncomplicated) or multiple
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(complicated) syndromes. Environmental influences are important for the aetiology of functional
somatic syndromes.
Keywords
functional somatic syndromes; chronic fatigue syndrome; chronic widespread pain; irritable bowel
syndrome; comorbidity; latent class analysis
INTRODUCTION
Functional somatic syndromes are common not only in clinical settings but also in the
general population, and are a major health issue in practically all areas of medicine [1,2].
Although there is no fixed list of functional somatic syndromes and every medical specialty
has at least one such syndrome [1,3], they are known for considerable overlap as well as for
comorbid symptoms and risk factors in common [4]. Nevertheless, little is known about the
aetiology of the syndromes and underlying mechanisms of the overlap.
In our previous study [5], we proposed a model that explains genetic and environmental
structure of these syndromes and estimated the relative importance of factors in common to
the syndromes. However, a limitation of the previous study was that the definitions of these
syndromes were based on existing classification criteria (e.g. 1994 criteria for chronic
fatigue syndrome [6]), which has not been empirically confirmed yet and are possibly
inclined to identify individuals with multiple symptoms.
Thus, in the present study we analyzed nine functional somatic symptoms instead of
syndromes with an attempt to cover a wide variety of medical specialties: abdominal
discomfort and gastroesophageal reflux from gastroenterology; general muscular pain from
rheumatology; chronic fatigue from (possible) infectious diseases; dizziness from cardiology
including autonomic dysfunction; breathlessness at rest from respiratory medicine; back
pain from orthopaedics; and recurrent headache from neurology. To cluster these symptoms
without assuming the current classification criteria for the syndromes to be valid, we
employed latent class analysis, a method to test empirically for the existence of discrete
groups who endorse similar patterns of symptoms [7,8]. We hypothesized that the symptoms
could be partly lumped and partly splitted, which is in line with the main finding of our
previous study [5]. Furthermore, as was the case in our previous study, we used a
population-based sample of Swedish twins from the Swedish Twin Registry [9,10]. This
genetically informative sample allowed us to examine whether genetic factors are important
for a particular discrete group, if any.
METHODS
Subjects
Subjects were participants in the Swedish Twin Registry, which comprises all twin births in
Sweden from 1886 to 2000, with data on place of birth, current vital status, and address of
more than 160,000 individuals [9,10]. All living, contactable, and consenting twins born in
Sweden between January 1935 and December 1958 were interviewed. All the participants
provided verbal informed consent during this telephone interview, which was later
confirmed by postcard. Zygosity was based on responses to questions regarding physical
similarity in childhood. This method has been validated repeatedly as having 99% or higher
accuracy by using DNA markers [9]. This study was approved by the ethical committee of
The Karolinska Institute.
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We screened all living, contactable, interviewable, and consenting twins born in Sweden for
a wide range of health conditions including functional somatic symptoms and syndromes.
The screening was conducted over a four year period from March 1998 to December 2002.
Due to the confounding influence of ageing, questions about chronic fatigue were only
asked of twins aged 41–64 years (i.e. born between 1 January 1935 and 31 December 1958).
Because of this, the analysis in the present study was restricted to subjects aged 41–64. All
interviews were conducted by trained personnel with adequate medical background using a
computer based data collection system.
Assessments of functional somatic syndromes or symptoms
Screening of chronic fatigue was based on our criteria that emulated closely the 1994 criteria
for chronic fatigue syndrome [6] without clinical examinations. We defined fatigue as the
presence of self-reported abnormal, persistent tiredness in the last six months in the absence
of an exclusionary condition. Exclusionary conditions were determined from multiple
sources (e.g. Swedish national registers and medical records), as described elsewhere [11].
Interviewees were then asked whether they experienced impairment that affected at least
25% of their work. Finally, interviewees were asked about eight ancillary symptoms during
the period of abnormal tiredness (substantial impairment in short-term memory or
concentration; sore throat; tender lymph nodes; muscle pain; multi-joint pain without
swelling or redness; headaches of a new type, pattern, or severity; unrefreshing sleep; and
post-exertional malaise lasting more than 24 hours). The presence of four or more of these
symptoms are an integral part of the definition of chronic fatigue syndrome [6]. Idiopathic
chronic fatigue, which is also included in the 1994 criteria [6], was defined as having
abnormal fatigue lasting at least six months and working impairment without reference to
the number of ancillary symptoms. The definitions of chronic fatigue syndrome and
idiopathic chronic fatigue correspond to CF-C and CF-B in our previous report [11].
General muscular pain was screened using our previously reported algorithm [12,13] based
on the classification criteria for fibromyalgia proposed by the American College of
Rheumatology [14] without clinical examinations such as tender point assessment.
Interviewees were asked about widespread pain during the last three months in both the
upper and lower body and in both the right and left sides of the body. Those who further
endorsed pain on body axis (assessed as back pain in the last 12 months) in addition to the
previous questions were defined as chronic widespread pain cases. Detailed information
about the criteria for chronic widespread pain in this study was reported elsewhere [12]. In
addition, we asked about the presence or absence of back pain in the past 12 months.
Gastrointestinal symptoms were assessed in the interview as described in our previous
studies [15,16] although instead of lifetime prevalence, symptoms during the past one year
were used in the present study. We first asked whether interviewees had recurrent abdominal
discomfort lasting at least seven days per month (approximately 25% of the time) during the
past year. Interviewees were then asked about the presence or absence of recurrent pain in
the upper abdomen, in the lower abdomen, or in another part of abdomen. Those who
endorsed this question were further asked whether the pain was more prominent when feces
became looser and defecation more frequent, and whether the pain stopped or alleviated just
after defecation. Finally, individuals who reported a history of Crohn’s disease, ulcerative
colitis, stomach ulcers, or intestinal ulcers were excluded. Those who endorsed all the
questions in the absence of an exclusionary condition were defined as having irritable bowel
syndrome. This definition may be considered as an adapted version of Rome II criteria. In
addition, gastroesophageal reflux was screened by using our algorithm [17,18], defined as
the occurrence, at least once a week, of either retrosternal pain or burning with antacid
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relief; or regurgitation of bitter fluid. Cases with gastroesophageal symptoms due to known
causes (e.g. Crohn’s disease) were excluded.
A lifetime history of recurrent headache not associated with infection, fever or hangover was
assessed by the algorithm used in our previous reports [5,13,19], which is in line with the
International Headache Society criteria.
The presence of urinary tract problems, dizziness and breathlessness at rest was based on a
question about lifetime occurrence of each symptom.
Assessment of Comorbid Psychiatric Disorders
Major depression and generalized anxiety disorder were assessed by using the Computerized
Composite International Diagnostic Interview-Short Form (CIDI-SF) adapted from its
original design for 12-month prevalence to assess lifetime prevalence [20]. Details on these
criteria were described elsewhere [21,22].
Statistical Analyses
Latent class analysis is a form of categorical data analysis hypothesizing that it is possible to
account for the observed symptom endorsement profiles of respondents in terms of some
small number of mutually exclusive respondent classes. We used the following nine somatic
symptoms in this analysis: three cardinal symptoms of the three functional somatic
syndromes, that is, abnormal tiredness lasting at least six months (without any exclusionary
condition), widespread pain lasting at least three months, and abdominal discomfort lasting
at least seven days per month in the past year; and six bodily symptoms as lifetime
occurrence, that is, prolonged joint pain, back pain, gastroesophageal reflux, recurrent
headache, recurrent urinary problem, and dizziness.
Latent class analysis was performed with the program LatentGOLD version 4.5 (Vermunt
and Magidson 2005, Statistical Innovations Inc. Belmont, MA, USA). To determine the
optimal number of latent classes, models estimating 1-class through 10-class solutions were
compared. To select the best fitting model, we compared the change in the Bayesian
Information Criterion (BIC), which is a goodness-of-fit index that considers the rule of
parsimony. Once the number of classes was determined, the individuals were assigned to
one of the latent classes based on their response profiles. Analysis of the response profiles
provides important information about the nature of each class. Further understanding can be
obtained by analysing additional data not entered into the model (e.g. age, gender, and the
prevalence of relevant syndromes or illnesses).
Because our sample population was twins, we further performed structural equation
modeling by which individual differences in the probability of being assigned to each latent
class can be decomposed into three sources of variation: additive genetic, shared
environmental, and nonshared environmental variance. Additive genetic effects are indicated
when monozygotic twins are more similar than dizygotic twins. Shared (family)
environmental effects (environmental effects that make family members similar) contribute
equally to the similarity of monozygotic and dizygotic twins. Nonshared environmental
effects do not contribute to twin similarity, and their importance is reflected in the extent to
which monozygotic correlations are less than one. Maximum likelihood model fitting was
applied to raw data of pair respondents (i.e. both of the twin pair responded) by using the
Mx program [23]. First, we estimated parameters for men and women separately, and then
tested if the parameters could be equated. Second, we compared the full model (composed
of additive genetic, shared environmental, and nonshared environmental effects) with its
nested models by dropping one of the parameters. A significant change in goodness-of-fit
indicates that the nested model is worse than the full model.
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Of 41355 eligible individuals aged 41–64 years, 28531 individuals provided the complete
sets of responses for this study (69.0%). Data were obtained from both members of 6560
monozygotic or same-sexed dizygotic twin pairs. Table 1 shows the characteristics of the
respondents by gender. The gender distribution had a slight female predominance, but the
mean age was almost identical for both genders.
Table 2 shows gender-specific prevalence data for three major functional somatic syndromes
and two comorbid psychiatric disorders. The prevalence for all the three syndromes was
smaller compared to the literature [26–28], presumably due to different definitions.
A series of latent class analysis revealed that, based on BIC, the optimal number of latent
classes is five. Table 3 shows the symptom profiles for the 5-class solution, by which a total
of 28531 respondents were assigned to one of the five classes. The mean age was similar
across the classes, whereas male-female ratios differed depending on the class. The majority
(66%) of the total were classified into Class 1, in which almost none of them had any
symptoms except back pain. In Class 2 through Class 5, women were more prominent than
men, particularly in Class 5. Some individuals in Class 2 tended to feel abnormally tired but
had neither widespread pain nor abdominal discomfort. On the other hand, those in Class 2
showed relatively high prevalence of dizziness, a symptom of orthostatic intolerance. All
individuals assigned to Class 3 endorsed recurrent abdominal discomfort, and many of them
had gastroesophageal reflux as well. In contrast, all individuals in Class 4 endorsed
widespread pain lasting at least three months, and most had back pain as well. Finally, those
assigned to Class 5 manifested the highest proportions for almost all the symptoms
analyzed.
The characterization of each class can further be explored by comparing the prevalences for
comorbid illnesses or conditions shown in Table 4. As can be expected, individuals in Class
5 showed the highest prevalences for most of the syndromes or disorders. Only chronic
widespread pain showed its highest prevalence in Class 4 and irritable bowel syndrome in
Class 3. Although Class 2 included 10.6% of individuals having idiopathic chronic fatigue
(without regard to the ancillary symptoms), the prevalence of chronic fatigue syndrome
(with four or more ancillary symptoms) was only 2.6%. The two psychiatric disorders
differed from class to class, but sparsely distributed in general.
Table 5 summarizes the results of model fitting for the probability of each class
membership. Because testing gender differences in parameter estimates turned out to be
significant except Class 3 and dropping shared environmental effects resulted in no
significant change in goodness-of-fit for all the classes, we show the proportion of variance
due to additive genetic and nonshared environmental effects stratified by gender. As
expected, the relative importance of genetic effects (i.e. heritability) was small but
significant across the classes. Albeit statistically significant, gender differences in
heritability estimate were not prominent in any class. Furthermore, the relative importance
of nonshared environmental effects was pronounced in all the classes.
DISCUSSION
The present study clearly demonstrates the heterogeneity of three major functional somatic
syndromes and thus the necessity of re-defining each “single” syndrome based on empirical
evidence. This study also provides information about the extent to which the possible re-
defined syndromes are influenced by genetic and environmental factors in their aetiology.
Kato et al. Page 5













The most remarkable finding in this study is that individuals with functional somatic
symptoms can be categorized into a number of statistically distinct classes depending on
which and how many symptoms they have. First, individuals assigned to Class 5 by our
latent class analysis (2.8% of the total sample) reported that they had a multitude of bodily
symptoms (Table 3). Although we did not screen somatoform disorder in this study, it is
likely that those individuals would be considered so-called “somatizers”. The high
prevalences of chronic fatigue, chronic widespread pain, irritable bowel syndrome as well as
major depression and generalized anxiety disorder in Class 5 (Table 4) suggest that people
who would fall in our Class 5 are the source of high comorbidity among these syndromes or
disorders. Second, individuals in Class 4 (3.4%) tended to report pain-related symptoms in
particular (Table 3), and accordingly, that class experienced the highest prevalence of
chronic widespread pain (Table 4). Third, individuals assigned to Class 3 (3.9%) showed
higher proportions of gastrointestinal symptoms (i.e. recurrent abdominal discomfort and
gastroesophageal reflux) in Table 3 and thus irritable bowel syndrome was highest in Table
4. Those with irritable bowel syndrome but without chronic widespread pain could be
distinguished from those with chronic widespread pain but without irritable bowel
syndrome. Furthermore, we found that individuals in Class 2 (24.3%) tended to have
relatively high prevalence of idiopathic chronic fatigue (10.6%), whereas almost none of
them met either chronic widespread pain or irritable bowel syndrome criteria. Instead, those
in Class 2 showed a higher proportion of dizziness, a symptom of orthostatic intolerance that
is possibly associated with autonomic dysfunction in chronic fatigue cases [27]. Taken
together, overlaps among the three functional somatic syndromes were not substantial
except in Class 5.
It is of particular interest that we observed the two clustering patterns of somatic symptoms:
single-symptom/syndrome classes (Classes 2, 3 and 4) and a multiple- symptom class (Class
5). Distinction among the single-symptom/syndrome classes was relatively clear, especially
between Class 3 (gastrointestinal problem-prone class) and Class 4 (chronic pain-prone
class). Even though abnormal tiredness in Class 2 was not salient relative to other classes, its
high prevalence of idiopathic chronic fatigue suggests that we could capture a sort of pure
chronic fatigue cases without so-called ancillary symptoms. In other words, patients with
multiple comoribidity (or functional somatic syndromes) were well represented on Class 5
(somatisation-prone class). We emphasize here that this classification was not influenced by
any a priori assumptions or beliefs, but was derived solely from a statistical technique.
These findings tempt us to say that the appropriate question about functional somatic
syndromes is not “one or many” [1] but “single or multiple”. Importantly, we found that the
prevalence of psychiatric comorbidity (major depression and generalized anxiety disorder)
dispersed across the classes. This can be considered an empirical support for the notion [28]
that even single syndromes probably entail psychosocial and cultural factors as well as
biological factors in their aetiology. In other words, it is more helpful to distinguish between
uncomplicated syndromes and complicated syndromes [2], rather than simplified dualism
such as “organic or psychogenic”.
Another important implication of our findings comes from a comparison of fatigue-related
syndromes across the classes: It seems that there is a fundamental flaw in the 1994 criteria
for chronic fatigue syndrome [6]. Although Classes 2 and 3 showed relatively highe
prevalence for idiopathic chronic fatigue, approximately three quarters of the cases did not
meet the criteria for chronic fatigue syndrome (based on self-report). Such a substantial
reduction was not observed in Classes 4 and 5, which showed higher prevalence for
idiopathic chronic fatigue. Thus, it is likely that the “four or more” criterion of the 1994
criteria contributes to omitting cases with chronic fatigue as a single syndrome (as in Class
2) and instead introduces cases with complicated symptoms (as in Class 5). This finding is
consistent with our previous report using the same sample of twins [29], where we found
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little support for the “four or more” criterion based on different approaches and instead
found that having muscle and multi-joint pain was the best predictor for being diagnosed
with chronic fatigue syndrome. We therefore suggest again that the ancillary symptom
criterion should be dropped entirely, and that more attention should be paid to individuals
with idiopathic (i.e. pure) chronic fatigue.
As our subjects were twins, we could go further and examine the relative importance of
genetic and environmental influences on the probability of class membership. Albeit small,
we detected genetic influences on the probability of class membership for all the five classes
in both genders. Several studies have estimated the heritability of functional somatic
syndromes, including our own [12,16,26,30]. However, these previous studies used existing
criteria for the syndromes making it difficult to compare directly with genetic influences on
the putatively pure syndromes found in the present study. In addition, a few twin studies
found significant genetic and no family environmental factors for somatic distress in both
men and women [31,32], but the estimates varied. Further work is thereby needed to
evaluate the extent to which genetic factors influence liability to each of the single
syndromes and the condition with multiple somatic symptoms.
The present study has notable strengths such as using a genetically informative sample of
twins who can be considered a representative of Swedish population. In addition, three
major functional somatic syndromes and relevant health conditions were assessed by using a
structured interview in a blinded manner, which allows us to minimize recall and
interviewer biases. Furthermore, the final model with the optimal number of latent class was
selected without a priori assumptions or biases due to investigators’ medical specialty [1,2].
Nevertheless, some limitations should also be noted. First, our assessment was based on
self-reports via telephone interviews, without medical examinations by a physician. Thus,
the results may not be directly comparable to those using clinical samples. Second, the data
were obtained on only one occasion, although some of the illnesses were diagnosed as
lifetime occurrence. Thus, temporal order is unclear. Third, the latent class analysis solution
is dependent on the input dataset. Thus, a different set of data may yield a different latent
class analysis solution. Finally, the assumption of local independence for latent class
analysis may be violated in part because it is unlikely that all the indicator variables (i.e.
symptoms) in the model are independent of one another; however, this possible violation of
local independence should not affect the determination of the optimal number of latent
classes.
In conclusion, the research on functional somatic syndromes and symptoms needs to shift
from the stage of asking whether functional somatic syndromes are “one or many” [1,33] or
sticking to the dualistic view of “organic versus psychogenic”. The findings in the present
study suggest that the researchers need to re-define these syndromes by distinguishing
uncomplicated, single syndromes from complicated, multiple ones. Such integrated
approaches across medical specialties will promote better understandings of the aetiology
and then lead to improved management.
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Table 1
Descriptive statistics of the respondents
Men Women Total





Number of intact twin pairs 6560
   Monozygotic twins 1249 1530 2779
   Same-sexed dizygotic twins 1762 2019 3781
Mean age (years ± SD) 53.7±5.7 53.7±5.7
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Table 2
Gender-specific prevalence of functional somatic syndromes and their comorbid psychiatric disorders
Men Women Total
Prevalence of functional somatic syndromes (%)
   Chronic fatigue syndrome * 0.9 3.3 2.1
   Chronic widespread pain 1.9 6.1 4.1
   Irritable bowel syndrome 0.7 1.4 1.0
Prevalence of comorbid psychiatric disorders (%)
   Major depression (lifetime) 15.6 27.9 22.0
   Generalized anxiety disorder
   (lifetime)
2.5 5.1 3.8
*
Clinical examinations required for the diagnosis of chronic fatigue were not performed.
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Table 5
Gender-specific estimates of proportions of variances (with 95% confidence intervals) and a goodness-of-fit



















































−2LL: −2 times log-likelihood; df: degrees of freedom.
**
Equating parameter estimates to be equal across gender did not worsen the goodness-of-fit (Δ−2LL = 5.49; df = 2; P = 0.064).
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